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Wear of the cup and loosening are the main factors which limit the life of an arthroplasty. 1 Some of the factors affecting the rate of wear, measured radiologically as penetration, have been identified and include damage to the head of the femoral component by ingress of cement, 2 and the level of activity of the patient. 3 In a small series of cups which had been removed the wear characteristics of the ultra-high-molecularweight polyethylene (UHMWPE) were examined. The findings showed no evidence of batchto-batch variation in the material or of its degradation in the human body. 4 We have previously reviewed the causes of wear of the UHMWPE cup in a series of younger patients with a Charnley low-frictional torque arthroplasty (LFA) in whom the long-term results are now available.
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Patients and Methods
This series involved 1092 patients all of whom were under the age of 51 years at the time of surgery, with 1434 LFAs. The operations were carried out between November 1962 and December 1990 and the patients have been followed up regularly both clinically and radiologically. The latest update was in October 2002. Using the method for measurement of wear as previously published, 6 the mean rate of penetration of the cup for the whole group was 0.1 mm/year. We have divided the patients into two groups, those with low and those with high wear. Low-wear group. This included 190 patients in whom the rate of penetration was 0.02 mm/ year or less which is in line with the results previously published using a combination of alumina ceramic and cross-linked polyethylene.
Clinical assessment. This was carried out according to Merle d'Aubigne and Postel 8 as modified by Charnley. 9 We have also focused our study on the post-operative Charnley groups A and C. 9 We have compared the low-and highwear groups taking note of the following factors: gender, age, weight, underlying hip pathology, single or bilateral LFAs, size of cup used (40 or 43 mm in diameter), flanged or unflanged, the use of acetabular cement pressuriser and the position of the cup with respect to the rim, i.e. medialised or supported on the rim. The latter is important since Charnley 10 stated "I have always held it as a principle of hip arthroplasty that the centre of motion of a recon- structed hip should be displaced as far medially as possible, as part of the design to equalise the lengths of the levers involved in moments of force about the hip". The position of the stem as seen on an anteroposterior (AP) radiograph is defined in relation to a line drawn through the centre of the shaft of the stem. The stem is said to be in neutral orientation when the line remains central, in valgus when it approaches the medial cortex and in varus when the tip approaches the lateral cortex. The end-point was revision for wear of the cup and loosening, aseptic loosening or fracture of the stem. Our policy is to revise early. 11 The timing of the revision depends on the awareness of the problem rather than the patient's symptoms. This, at times, may mean revising early and for radiological changes alone, if the quality of bone stock is to be preserved, and if the chances of success are to be improved.
11
Statistical analysis. We have used the chi-squared test and survivorship analysis 12 to identify any significant differences between the high-and low-wear groups.
Results
The factors examined and their relative incidence in the low-and high-wear groups are shown in Table I There was no statistical difference between the two groups for revision for aseptic loosening of the stem or fracture of the stem (p = 0.49). There was a highly significant difference (p = 0.0001) between the two groups for wear and aseptic loosening of the cup, 5.3% compared with 40% (Tables I  and II) .
The results of the survivorship of the cup and stem in the two groups with revision as the end-point is shown in Figure 1 and Tables III to VI, and demonstrate the increased survivorship in the low wear group. Thus, at 15 years, the survivorship of the cup in the low-wear group is 95.92% compared with 60.76% in the high-wear group, and the survivorship of the stem in the low-wear group is 94.68% compared with 90.37% in the high-wear group. 
Discussion
The high-wear group has a significantly higher proportion of men with osteoarthritis and post-operative Charnley grade-A patients. These are patients with a high level of activity. By contrast, women with rheumatoid arthritis and post-operative Charnley grade-C patients featured prominently in the low-wear group. The position of the stem within the medullary canal, as observed on the AP radiographs, indicates the effect of altering the lever ratios as suggested by Charnley. 13 Altering the functional offset of the stem results in increased load and wear with the valgus stem, and reduced load and wear with the varus stem.
The position of the cup in relation to the rim or the floor of the acetabulum has the same effect on load and wear. Medialisation of the cup as advocated by Charnley 10 reduces the medial lever arm thus reducing both load and wear. Support of the cup by the rim of the acetabulum has the opposite effect.
We have previously shown that there is a correlation between the radiological appearance of the cement-bone interface of the cup and the operative findings 14 and between the depth of penetration of the cup and the incidence of migration of the cup. 1, 5, 15 Factors involved in wear of the cup, loosening and revision are complex. Some are clearly outside the surgeon's control such as gender, underlying hip pathology or postoperative level of activity. Some, such as surgical technique, selection of components and the materials used in the arthroplasty are within the surgeon's control.
Some of the aspects highlighted appear to be contradictory such as the position of the cup or stem. Support of the cup by the rim of the acetabulum may lead to an increased rate of wear, but, if it preserves the subchondral plate it may be advantageous in the long-term. Medialisation of the cup has the opposite effect. It is more logical to use low-wearing materials while preserving bone of good quality.
On the femoral side the advantage of improving the lever ratios is better achieved by the availability of a design of stem with a range of offsets and, if need be, by advancement of the greater trochanter, rather than by attempting to achieve this by altering the position of the stem away from its orientation in neutral.
The group with a high rate of wear has almost an eightfold higher rate of revision for aseptic loosening of the cup with a follow-up period which is 2.5 years shorter. This is reflected in survivorship of the cup which is 94.1% at 17 years in the group with low wear and only 39% in the group with high wear. There was no statistical difference on the femoral side with survival of 93% and 88% at 17 years, respectively. The causes of loosening of components, whether mechanical or biological, are not the subject of this study. Nevertheless any suggestion that the incidence may be related to the volume of UHMWPE particles generated cannot hold true since there is no statistical difference for loosening on the femoral side. If wear of the UHMWPE cup can be reduced to a minimum it would allow a better opportunity for identifying the aspects of the operation which need further attention such as details of surgical technique.
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